The reference level for the measurement of blood pressure (BP) is the level of the right atrium. In practice this is regularly disregarded, as the patient's arm is usually placed lower than the right atrial level. The aim of the study was to determine the influence of first, different arm positions and second, different transducer positions on the intra-arterially (i.a.) recorded BP. In 16 healthy men (age 28.1 ± 8.0 (s.d.) years), i.a. BP was recorded at the left arm in supine position, using a 5-7 cm long cannula. The baseline position was with the tip of the cannula placed precisely at the level of the right atrium. Subsequently, the following changes were made: 5, 10, 15 and 20 cm above and 5, 10, 15, and 20 cm below the baseline position. A 2-min rest period was allowed in each position before the BP was measured. The whole procedure was done either with the transducer connected to the arm at the place of the cannula (n ‫؍‬ 7), or with the transducer placed next to the subject and continuously kept at the right atrial level during the BP measurement (n ‫؍‬ 9). Simultaneously, baseline BP was measured indirectly, with a standard mercury sphygmomanometer, in the opposite arm maintained with the cubital fossa at the right atrial level during the whole procedure. This resulted in the first group of
Introduction
Blood pressure (BP) measurement is one of the most frequently performed clinical procedures. Many factors are able to induce errors in the indirect measurement of BP, 1 for instance factors related to the observer, instrumentation, measurement technique and circumstances of measurement. One factor frequently neglected in daily practice concerns the position of the arm during the BP measurement. 1, 2 The reference level for the measurement of BP is the level of the right atrium. 3 Official guidelines for BP measurement recommend that the patient's arm should be placed at 'heart level' during indirect BP measurement. [4] [5] [6] [7] [8] However, the so called 'heart level' is differently defined, if at all, in these guidelines. [4] [5] [6] [7] WHO guidelines recommend that the cubital fossa should be placed at the level of the fourth intercostal Correspondence: Professor Th Thien, Department of Internal Medicine, University Hospital Nijmegen, PO Box 9101, 6500 HB Nijmegen, The Netherlands Received 14 January 1997; revised and accepted 20 May 1997 seven volunteers for both the i.a. systolic (SBP) and diastolic BP (DBP) values to significantly decrease (P Ͻ 0.001) when the arm together with the transducer were elevated above the level of the right atrium, and returned to the initial value when the arm and the transducer were placed back at the right atrial level. Intraarterial SBP and DBP significantly (P Ͻ 0.001) increased as the arm, together with the transducer, were lowered below the right atrial level and returned to the initial value when the arm and the transducer were placed back at the right atrial level. In both directions, each 5 cm change in the arm level was accompanied by a 3-4 mm Hg change in the i.a. BP value. The baseline BP, measured sphygmomanometrically at the contralateral arm, remained constant during the whole duration of the procedure. The changes in the i.a. BP were minimal in the second group of nine subjects in which only the arm but not the transducer was placed at different levels.
We conclude that small deviations in arm position above or below the 'gold standard', ie, the fossa cubiti at the right atrial level, will result in largely erroneous BP values. The correct positioning of the arm during BP measurement is therefore mandatory for the diagnosis and follow-up of hypertensive subjects.
space. 4 The British Hypertension Society recommends that the arm should be placed horizontal at the level of the midsternum. 7 The American Heart Association recommends that the elbow should be flexed at the heart level. 5 Previous studies, from 1919 onwards, have found important differences between indirect BP readings when the patient's arm was placed in different positions. [9] [10] [11] [12] [13] [14] [15] [16] Despite this, in most studies the position of the arm is not given at all or only in a general and unprecise term such as 'at heart level'.
The aim of the present study was to quantify the changes in BP values measured intra-arterially when the patient's arm is elevated above, and then lowered below the level of the right atrium. For this purpose we performed intra-arterial (i.a.) BP measurements with the subjects in a supine position with the arm supported at the right atrial level, then gradually raised up to 20 cm above, and thereafter lowered to 20 cm below that level.
Subjects and methods
Sixteen healthy non-smoking men (mean age 28.1 ± 8.0 (s.d.) years, BMI: 22.1 ± 0.7 kg/m 2 ) agreed to participate in the study. All volunteers were in sinus rhythm, without arrhythmias. Prior to the study, BP was measured in each subject on both arms, after 5 min of rest in supine position, with a standard mercury sphygmomanometer (Erkameter 300). The subjects with a left-right difference in BP higher than 5 mm Hg were not included in the present study. The brachial artery was already cannulated as part of another study for which the subjects had given written informed consent. All subjects gave additional informed consent to lengthen the cannulation period for another 45 min. All BP measurements were done immediately after cannulation. BP was measured in supine position, indirectly on the right arm using a standard mercury sphygmomanometer (Erkameter 300) and a stethoscope and on the left arm intra-arterially using a Hewlett Packard monitor (type 78353B; Boblingen, Germany). All indirect measurements were done by the same specially trained observer (RTN).
In each subject the location of the mid-sternum was determined while the person was supine. Then the vertical distance between the mid-sternum and the bed was carefully measured using a levelling instrument. The right atrial level was determined at half the distance between the mid-sternum and the couch. 7, 17 A cannula (length 5-7 cm) was inserted into the left brachial artery (Angiocath, 20 gauge; Deseret Medical Inc, Becton Dickinson, Sandy, Utah, USA). The transducer was attached on the left upper arm at the level of the tip of the catheter in seven of the volunteers, while in the other nine the transducer was fixed next to the bed in the standard position at the level of the right atrium, carefully determined as described above. Both arms were then comfortably and passively supported horizontal, with the cubital fossa for the right arm and the tip of the catheter for the left arm, at the right atrial level. After 10 min of quiet rest in this position, BP was measured simultaneously on both arms. Heart rate (HR) and i.a. BP values were recorded on the left arm by a second observer (PJB), during the inflation-deflation time of the indirect measurement of the right arm. The left arm was then lifted by 5 cm while the position of the right arm was unchanged. After 2 min, BP was measured again as previously described. The procedure was continued in the same manner, subsequently lifting the left arm at 10, 15 and 20 cm above the right atrial level. Thereafter, the arm was placed again in the starting horizontal position and then placed at 5, 10, 15 and 20 cm below the right atrial level. The differences between the i.a. BPs with the arm at different levels and the i.a. BPs with the arm at the right atrial level are depicted in Figure 2 . The HR showed no changes during the whole procedure.
The transducer at the right atrial level (n = 9 subjects)
In Figure 1c and 1d is depicted the course of the BP in the second group of nine volunteers. A slight change in the i.a. BP was observed as the arm was placed at the different levels, although the transducer had a fixed position at the level of the right atrium during the whole procedure.
The three i.a. BP registered with the left arm at the level of the right atrium were respectively 120.7 ± 8.7/66.4 ± 6.8; 120.0 ± 9.4/67.8 ± 7.4 and 121.4 ± 8.6/70.2 ± 7.8 mm Hg (Figure 1c) . The corresponding simultaneous indirect BPs measured in the opposite arm were: 120.0 ± 6.9/62.6 ± 12.8 mm Hg;
117.1 ± 6.3/59.7 ± 8.2 mm Hg and 117.1 ± 7.6/63.5 ± 10.0 mm Hg (Figure 1d) .
The i.a. BP registered with the arm at the highest level (20 cm above the right atrium) was 116.6 ± 9.5/67.6 ± 6.8 mm Hg. The i.a. BP registered with the arm at the lowest level (20 cm below the right atrium) was 126.8 ± 9.6/72.2 ± 6.3 mm Hg (Figure 1c) . However, this maximal difference (10.2/4.6 mm Hg) was small when compared with the maximal difference in the first group of seven volunteers, in which the transducer was moved together with the arm (38.4/31.9 mm/Hg). 
Discussion
The results of the present study show that the BP values measured intra-arterially significantly decreased when the arm was elevated above the right atrial level and also significantly increased when the arm was lowered below the right atrial level. Meanwhile, both the BP measured indirectly on the right arm and the HR remained stable.
In the present study the BP was measured intraarterially so that other factors which can induce errors in the indirect measurement of BP, concerning the observer, instrumentation and technique of measurement, were avoided. This finding is not completely new and confirms the conclusions of previous reports. [9] [10] [11] [12] [13] [14] [15] [16] On the other hand the old but not old-fashioned literature seems almost forgotten, since many physicians pay little or no attention to the arm position during routine BP measurements.
It has been previously suggested that the differences in indirect BP values taken with the arm at different levels versus the reference level of the right atrium could almost completely be explained by the effect of hydrostatic forces. [9] [10] [11] [12] [13] [14] [15] [16] Our results are a strong argument in favour of this hypothesis. The hydrostatic pressure induced by a water column of 13.6 cm is equivalent to that induced by a mercury column of 10 mm. Thus, a change of 5 cm in the height of the blood column would theoretically induce a change in the hydrostatic pressure of the blood of approximately 3.6 mm Hg. In other words, each 5 cm change in the arm position below the reference right atrial level would induce an increase of 3.6 mm Hg in the BP and vice versa. In our study, the changes in the i.a. BP at the respective arm levels correspond quite well to those theoretically expected.
The level at which the BP is measured intraarterially is the level of the transducer. Thus, we expected little or no change in the registered i.a. BP when the position of the transducer remained unchanged. Indeed, this appeared to be the case and these results suggest therefore that other factors than hydrostatic pressure differences do not play a significant role in the effects of arm position on the measured BP values.
The arm position during BP measurement is often disregarded both in everyday practice and in the literature. 2 In the Framingham study, BP was measured according to the American and British Heart Associations, 17 which both recommend that the arm should be placed at heart level. These data on the risk of hypertension are generally accepted as key publications on which management of hypertension is based. However, most commonly, BP is measured with the patient sitting on a chair, with the arm supported on a table or desk, or on the arm support of the chair. The height of chair and its arm support, and the height of desk or table, are mostly not specified and not standardized. In this case, an average deviation of 15 cm from the recommended position of the arm can easily be reached. In tall subjects we have measured differences up to 25-30 cm between the right atrial level and the level of the arm support of a common chair. According to the data presented in this study, this can result in clinically relevant errors in BP readings, thus influencing the diagnosis and management of hypertension.
The present study once more underscores how important the position of the arm is for an accurate BP measurement. In addition, it suggests that placing the cubital fossa of the arm for the indirect BP measurement at the level of the right atrium is an easy way to avoid large errors in BP readings. In fact the illustrations presented in the instructions for BP measurement from the ABC of Hypertension published by the British Hypertension Society, clearly demonstrate that the arm should be lifted when the subject is sitting or standing. 18 A good alternative would be to support the patients' arm on the shoulder of the doctor or nurse. Even in the supine position errors can be made, when the head and the upper trunk are elevated and when the BP measurement is done with the arms dependent. A special pillow has been developed to correct such errors in the supine position. 19 In our out-patient clinic we have decided to maintain the supine position for routine BP measurement.
In conclusion, more attention has to be paid to the precise position of the arm (or more exactly the position of the cubital fossa) during BP measurement. In addition, the official guidelines for the diagnosis and treatment of hypertension should define exactly the position of the arm for the indirect measurement of BP.
